Research on Microstructure and Property of TiC-Co Composite Material Made by Laser Cladding  by Zhang, Wei
 Physics Procedia  25 ( 2012 )  205 – 208 
1875-3892 © 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of Garry Lee
doi: 10.1016/j.phpro.2012.03.072 
2012 International Conference on Solid State Devices and Materials Science 
Research on Microstructure and Property of TiC-Co 
Composite Material Made by Laser Cladding  
Wei Zhanga, a* 
aMechanical Engineering Branch Institute, Zhejiang Institute of Mechanical & Electrical Engineering, Hangzhou 310053, China 
 
Abstract 
The experiment of laser cladding on the surface of 2Cr13 steel was made. Titanium carbide (TiC) powder and Co-
base alloy powder were used as cladding material. The microstructure and property of laser cladding layer were 
tested. The research showed that laser cladding layer had better properties such as minute crystals, deeper layer, 
higher hardness and good metallurgical bonding with base metal. The structure of cladding was supersaturated solid 
solution with dispersed titanium carbide. The average hardness of cladding zone was 660HV0.2. 2Cr13 steel was 
widely used in the field of turbine blades. Using laser cladding, the good wear layer would greatly increase the useful 
life of turbine blades. 
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1. Introduction 
2Cr13 steel is one kind of martensitic stainless steel. It has been widely used in the manufacturing of 
heavily stressed parts such as shaft, axle sleeve, blade wheel, turbine blade [1-3]. The average hardness of 
quenched and tempered 2Cr13 steel is about 45HRC. Therefore, the parts made by 2Cr13 steel are not 
hard enough to resist washing and abrading. To precise turbine blades, the lower hardness would greatly 
decrease the useful life. So, the parts mentioned above should be strengthened. The traditional 
strengthening methods are not suitable because of some defect. For example, carburizing and nitriding are 
only suitable for some special steels. Besides, depth of carburizing layer and nitriding layer are very thin. 
Neither of them could resist heavy stress. Electric plating, thermal spraying and build-up welding are bad 
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bonding with basement material. The traditional heat treatment, such as quenching, would easily lead to 
cracking and deforming [4]. Laser cladding is a new kind of surface modification technology. The 
experiment of laser cladding TiC-Co composite powder on the surface of 2Cr13 steel was made. Because 
of high automation, low deformation, laser cladding has greatly application value in the field of parts 
strengthening [5-7]. 
2. Material and methods 
TiC powder with the diameter of 0.5 ȝm were used as cladding material. The substrate was 2Cr13 steel 
which was annealed. The chemical composition of 2Cr13 steel was shown by Table 1. The chemical 
composition of Co-base alloy powder was shown by Table 2. The primary experimental equipment 
included 10kW CO2 laser process system, numerical control machine. Argon was used as shielding gas.  
The metallic phase structure was tested by XH-500DC metallographical analyser. The microhardness 
of cladding layer was analyzed by HXS-1000AY sclerometer. The key technological parameters were as 
follows, laser scanning speed of 600mm/min, laser power of 5kW, laser beam diameter of 10mm.  
Table 1. Chemical composition of 2Cr13 steel (wt%) 
Element C Si Cr Mn Fe 
Wt% 0.21 0.55 13.5 0.66 Bal. 
Table 2. Chemical composition of Co-base alloy powder (wt%) 
Element Co W Ni Si Cr Fe 
Wt% 76.47 6.67 6.58 2.61 5.72 1.96 
3. Microstructure 
Fig.1 was the microstructure of cross-section of laser cladding specimen. Base on the difference of 
structure style and position, the cross-section could be divided into five zone, cladding layer, transition 
region, bonding zone, hardening (heat-affected) zone and matrix. 
Fig.1a was the general view of cross-section. Fig.1b was the microscopic image of cladding layer. The 
cladding layer exhibited Co-base over-saturation dendritic structure. There were some TiC particles 
dispersing in fir-tree crystal. Some TiC particles had broken and been pull-out. Fig.1c was the high 
magnified image of TiC particles. The transition region was shown in Fig.1a, with the structure of 
primary austenite and coarse fir-tree crystal. The bonding zone was under transition region. There was 
good metallurgical bonding between cladding layer with base metal. There were no cracking and blow 
hole. Fig.1d was high magnified image of phase-change hardening (heat-affected) zone. Its structure was 
lath-shaped martensite. 
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Fig.1. Microstructure of cross-section of laser cladding specimen (a) full view of laser specimen;  (b) high magnified image of 
cladding layer; (c) high magnified image of particles; (d) high magnified image of phase-change hard zone   
4. Microhardness 
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Fig.2. Microhardness distribution curves of laser cladding specimen 
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The hardness distribution curves of cladding specimen were shown in Fig.2. The average hardness of 
cladding layer (0-0.8mm) was about 660HV0.2, which was much higher than that of base metal. This 
were because of grain refining, solution strengthening, dispersion strengthening. The average hardness of 
transition region (0.8-1.4mm) was about 420HV0.2, which was lower than that of cladding layer. This 
was because the dimension of crystal grain was coarse. The hardness of phase-change hardening zone 
was gradient descent from 538 HV0.2 to 256HV0.2. 
5. Conclusions 
The experiment of laser cladding TiC-Co composite powder on the surface of 2Cr13 steel was made. 
The microstructure and property of laser cladding layer were studied. The laser cladding layer is compact 
and has no cracks. The cladding layer exhibits over-saturation austenite dendritic structure and dispersed 
TiC particles. The average hardness of cladding layer is 660HV0.2. The average hardness of phase-
change hard zone is 450HV0.2. The property of laser cladding is more controllable and would generate 
great economy efficiency in the field of plastic mould strengthening. 
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